Aim: Telehealth is a useful method of providing specialist consultation to a geographically diverse population. Canadian studies of telehealth for paediatric surgery demonstrate good accuracy, but have low numbers of cryptorchid patients in their cohorts. Our aim was to confirm Canadian studies for our cohort and to assess accuracy regarding cryptorchidism. Methods: We conducted a cohort study of patients seen via paediatric surgical telehealth over a 12-month period, to determine accuracy of telediagnosis with respect to face-to-face diagnosis and plan. Results: A total of 183 children had 224 videoconferences, resulting in 74 surgical bookings. There was high diagnostic concordance, except for undescended testes. One discharged patient, and two patients booked for review, have subsequently required an orchidopexy (false negatives). Of 15 patients booked for surgery, three did not require an operation (false positives). Other patients had their procedures upgraded (from open to laparoscopic) or downgraded (from laparoscopic to open) due to inaccuracies in far-end assessment. Conclusion: Telehealth for paediatric surgery is accurate for most conditions seen, but for cryptorchidism there are significant concerns.
1 Tertiary-level specialist paediatric health services are typically located in major metropolitan cities. 2 Telehealth is becoming more commonly used for a broad range of medical and surgical conditions. 3 The use of telehealth can improve equity of access to health care and lead to savings to the patient and health service due to reduced need for travel.
What this paper adds 1 For common surgical conditions which did not require direct physical assessment, telehealth is a useful method of consultation. 2 For patients referred for the assessment of cryptorchidism, accurate assessment was difficult to achieve remotely. 3 Repeated travel for families to a paediatric surgical centre for pre-operative review needs to be balanced against potential lastminute changes to operating lists.
Telehealth is the delivery of health services at a distance, through the use of information communication technology. Telehealth applications are intended to overcome geographical barriers by connecting patients with health-care providers who are not in the same physical location. Some of the commonly reported benefits of telehealth include enhanced access to care, improved clinical outcomes and cost savings when compared with conventional face-to-face consultations. 1 Approximately one third of Queensland's 4.8 million people live in outer regional, remote and very remote areas of this 1.85 million km 2 state. 2 Paediatric subspecialist services are generally concentrated within Brisbane in the south-east corner of the state (Fig. 1 ). Children living outside this area requiring specialist care often have to travel, at substantial financial expense. [3] [4] [5] The Queensland Telepaediatric Service was established in November 2000 at the Royal Children's Hospital, in Brisbane. 6 More than 20,000 teleconsultations have been delivered by 37 different paediatric sub-specialties. 7, 8 Similar paediatric telesurgical consultations are available in a number of Canadian provinces, and also in the USA. [9] [10] [11] Given the rapid evolution of telecommunication and videoconferencing equipment, evidence supporting the accuracy of diagnosis at teleconsultation ought to be periodically assessed.
face-to-face consultation due to inadequacies in telehealth. 10, 11 With 100% accuracy in diagnosis reported, both of these studies concluded that telehealth is an acceptable and effective modality for improving access to paediatric surgical services in remote locations. 10, 11 For a number of teleconsultations, accurate clinical examination is not always necessary to make a diagnosis. When distinguishing between normal, retractile and undescended testes (UDT), however, examination is critical to diagnosis. In the Canadian studies, only 6 of 100 patients in the Winnipeg cohort were referred with UDT; there were no new referrals for UDT in the Manitoba cohort. Our telehealth service was receiving a significant proportion of referrals for UDT, and we wondered if this might represent a special group where inaccuracies in far-end examination could compromise outcomes.
The aim of this study was to assess the accuracy of diagnosis and management plans arising from a pre-operative paediatric surgical teleconsultation. We expected to find agreement with previously published studies in terms of overall accuracy. With respect to UDT, our hypotheses were firstly that we could rely on a local clinician's finding of normally descended testes, meaning these patients could be safely discharged. Our second hypothesis was that local clinicians would err on the side of caution regarding testicular pathology; labelling retractile testes as undescended, and palpable UDT as impalpable testes. If both hypotheses were true, then we could reliably discharge normal testes to far-end examination, but would need to exercise caution with other assessments.
Methods
We conducted a retrospective review of paediatric surgical teleconsultations for a 1-year period between July 2011 and June 2012. This time period was chosen to allow recapture of any discharged patients. Teleconsultations were coordinated by the Centre for Online Health, and performed using combinations of videoconferencing equipment owned by Queensland Health and the Centre for Online Health. Teleconsultations were attended by a paediatric surgeon in Brisbane; and the patient (accompanied by family members, local doctor/s, nurse/s or allied health worker/s) at the regional hospital site. Patients identified as requiring surgery were booked at that consultation. Operations took place between 1 and 18 months later. Patients were seen face to face by the paediatric surgeon on the morning of their operation, and re-examined at that time.
Patients were identified using Queensland Telepaediatric Service records. Patient demographics, referral diagnoses and accompanying persons at the regional site were recorded. The patient's medical record was reviewed to capture the diagnosis and management plan arising from the videoconference. This was then compared to the diagnosis and surgical management the patient received when they presented for surgery. If a change was noted, patient progress notes were further analysed to deduce reasoning for the change in diagnosis and/or management. In cases where there was uncertainty regarding changes in the patient's management, a decision was reached by consensus discussion with the surgeons (BP and CAM).
Ethics approval to conduct this study was obtained from the Children's Health Queensland Hospital and Health Services Human Research Ethics Committee (HREC/15/QRCH/2).
Results

Paediatric telehealth consultations
Between July 2011 and June 2012, there were 224 teleconsultations with 183 paediatric patients. All seven active paediatric surgeons in Brisbane provided consultations. Patients were referred from 29 regional sites in Queensland. Distances from the referring sites to Brisbane range from 125 km (Toowoomba) to over 1200 km (Mt Isa). Most consultations took place with the following regional hospitals: Bundaberg (20%), Hervey Bay (18%), Rockhampton (16%) and Gladstone (11%) (Fig. 1) .
The majority of patients seen via telehealth did not have an operative booking made at any of their visits (109/183, 60%). Whilst a number of these patients have been lost to follow-up, there have been no management changes attributable to errors in telehealth diagnoses for those patients we have subsequently seen (72/109).
There were 74 patients booked for a surgical procedure. The majority (89%) were male. Patients ranged in age from 1 month to 14 years (median age: 30 months; interquartile range: 7 months-6 years). The nature of surgical bookings following referral to the telehealth service is outlined in Table 1 . 
Operative management
A total of 96% (71) of all patients referred for surgery after their teleconsultation appointment presented for their procedure. Of the remaining three, one electively cancelled their surgery, one is receiving ongoing non-operative treatment and one died from unrelated causes prior to surgery (Fig. 2) .
Surgical management proceeded as planned in 67 patients. Four procedures were cancelled on the day of surgery, three of which were orchidopexies for UDT. Prior to surgery, the patients were examined by their treating surgeon, revealing normally descended testes. Surgery was therefore unnecessary and the procedure was cancelled. The other cancelled procedure was a meatoplasty for urethral meatal stenosis. Despite a small meatus on examination, the patient had no issues passing urine, and there was no demonstrated need for surgical correction at that time. This patient received a meatoplasty 1 year later due to increasing problems noted during ongoing follow-up.
Excluding the three patients who did not present for surgery, we observed a diagnostic accuracy and management concordance of 94% between the diagnosis and management plan at teleconsultation, and the pre-operative face-to-face consultation. In four cases (6%), there was dissonance between the teleconsultation and the pre-operative examination.
Undescended testes
UDT was the most common referral diagnosis (17%) and the most common procedure booked (20%). A total of 39 teleconsultations were booked for 30 children referred for 'undescended testis' (Fig. 3) . One patient failed to attend on four occasions meaning 35 teleconsultations were performed in total. Thirty consultations were initial appointments, of which 50% (15) resulted in a surgical booking, 30% (9) required a future review via telehealth, at a tertiary centre or when the child was older, and 20% (6) were discharged. The remaining five consultations were post-surgical reviews. Three patients were discharged and the final two booked for a further review, and were later discharged.
One of the patients discharged after their initial appointment has subsequently had a unilateral two-stage Fowler-Stephens orchidopexy for an intra-abdominal testis. This patient represents a false negative in the cohort. Four of the other five discharged patients have subsequently had face-to-face review, with normal testes documented. One has been lost to follow-up. Two of the nine patients booked for future review have subsequently Due to rounding, percentages do not equal 100%. required an orchidopexy, with the other seven having normal descent confirmed. Less than half (7/15) of the patients booked for an orchidopexy underwent the operation they had been booked for at their teleconsultation (Table 2) . Three patients were cancelled as the testis was normally descended on pre-operative examination. One patient booked for laparoscopy for an impalpable testis required an inguinal orchidopexy only as the testis was palpable, but four had their inguinal orchidopexy upgraded to include laparoscopy and first-stage Fowler-Stephens procedure as their testes were impalpable on the day of surgery.
Discussion
Our study has demonstrated that teleconsultations are a reliable method of clinical review for most paediatric surgical conditions.
Our results support published studies in Queensland for other specialty areas, such as otolaryngology head and neck, and burns care. 13, 14 They compare favourably also with Canadian studies. 10, 11 For many paediatric surgical conditions, history is key to making decisions, with examination being an ancillary requirement only and augmented by appropriate investigations. For other conditions, examination may be easily guided or require inspection only.
There are a few conditions where experienced examination is of paramount importance in making a correct diagnosis. The assessment of testicular descent is a good example of this, and here the accuracy of diagnosis via telehealth is challenged. Whilst we found high concordance in many paediatric surgical conditions, this was not the case regarding the assessment of testicular descent. This subset had both false negatives and false positives. Difficulties relating to assessment of UDT via teleconsultation have been identified in previous work. 7 The paediatric surgeon must rely on the abilities of the local clinician in determining the position of the testes. Our hypothesis that UDTs were more likely to be overcalled was borne out, evidenced by the cancellation of three cases on the day, and downgrading of several procedures to an inguinal approach from laparoscopy when palpable testes were demonstrated. We have identified three issues that may arise from inaccurate examination during the teleconsultation. First, the testes may be reported as being undescended when they are in fact in a normal position. Such patients will be booked incorrectly for a procedure and upon presentation to hospital and an in-person examination, will have their surgery cancelled. For the patient, this is still only the single trip to hospital they would have had if telehealth had not been available. The only difference for the child is the addition of fasting prior to review, and for the family there are no additional accommodation requirements. From an operating theatre management perspective, this cancelled operation does however represent lost theatre time.
The second issue is where the position of the undescended testis is incorrectly reported. Palpable UDT will be booked for a single-stage operation whilst an impalpable testis will be booked for a two-stage operation, where laparoscopic equipment is required. We have identified errors in both directions in our cohort, though these errors more commonly result from overcalling rather than undercalling failure of descent. Patients falling into this category still require a procedure, but changing the operation on the day from inguinal to laparoscopic (or viceversa) creates added strain and potential time delays for theatre staff. In the future, it may be practical for all operations for UDT booked via telehealth be booked as two-stage procedures, with the possibility of downgrading to a one-stage procedure on the day if necessary.
The third issue is where the testes are reported as normal when in fact they are undescended. We did not expect false negatives, relying on an a priori assumption that a far-end examiner finding testes in the scrotum would be an accurate diagnosis. One patient had an intra-abdominal testis on the side said to be normal at their teleconsultation. This is concerning as it calls into question all far-end diagnoses of normally descended testes, and therefore by extension the use of telehealth at all for UDT. If the paediatric surgeon cannot rely on far-end diagnosis of normally descended testes, then telehealth cannot be used even as a triaging tool to determine which UDT referrals require a face-to-face visit. Our numbers are too small to permit comment regarding the experience of the far-end examiner and its contribution to accuracy.
The ability to balance the risk of falsely discharging a true UDT versus falsely referring normal testes for surgery is likely to complicate future telehealth clinics. To avoid missed diagnoses surgeons could have a low threshold for face-to-face review when using teleconsultation, or for multiple reviews and repeated local examination. There is the potential for cancelled procedures, meaning unnecessary long-distance travel for families and lost theatre time. For these families, the total number of trips to access services is the same as if they had an initial in-person consultation in Brisbane, though it still represents days off work and school, travel expenses, and discomfort for the child due to fasting. Despite this risk, 80% of UDT patients were saved unnecessary travel, while 20% made a trip which would have occurred anyway had a teleconsultation not been available.
We have assumed an operation proceeding represents the gold standard in diagnosis. A fasted patient, an available theatre slot and parents expecting an operation is a temptation to proceed even if the testes are normally descended. Our cohort had operations cancelled on the day, indicating a willingness on our part not to proceed if an operation was not indicated. Furthermore, no patient underwent orchidopexy via a scrotal approach. In all cases, the approach was inguinal or laparoscopic, indicating a higher approach to the spermatic cord was required to achieve descent.
Initially, our review did not assess those patients discharged, as we had assumed accuracy of diagnosis. Following our results, we managed to contact the majority of those patients. In only a few cases was the diagnosis changed. Further knowledge of true and false negatives will provide assistance in decision-making. A prospective and direct comparison of the two diagnostic modalities, videoconferencing and conventional face-to-face assessments, would be an ideal next step in obtaining sensitivity and specificity values for teleconsultations. Using medical students, nurses and local paediatric medical trainees would provide data on the experience required to make an accurate far-end telehealth diagnosis of UDT.
Conclusion
Our review has demonstrated that for most paediatric surgical conditions, teleconsultations can be used to accurately select children requiring surgery, with a high level of confidence that the child will indeed require a procedure when they present for surgery. We have also identified that special care must be taken for patients referred for UDT, as far-end examination cannot be relied upon. At least one journey for each family (to Brisbane) was substituted with a videoconference appointment, which acted as a means of quick access and early establishment of a plan for these families. This adds to the growing body of evidence supporting the usefulness of teleconsultations for assessment of patients in remote locations, but raises concern regarding referrals for UDT.
